Background: Oral squamous cell carcinoma (OSCC) primarily spreads through direct invasion and/or lymphatic route. During the invasion, tumor cells break through the basement membrane, penetrate the connective tissue to interact with the extracellular matrix (ECM). An attempt was made to evaluate the connective tissue changes in different grades of OSCCs and their influence in predicting the biological behavior of these tumors. Materials and Methods: A total of 30 histologically proven cases comprising 5 normal mucosa, 10 well-differentiated OSCC's, 10 moderately differentiated OSCC's, and 5 poorly differentiated OSCC's were examined for the presence of any ECM changes by using special stains. Interpretation of staining intensity was carried out and statistically analyzed. Results: Van Gieson stain showed abundant thick collagen fibers, dispersed collagen fibers, thin few dispersed collagen fibers in well-, moderately-and poorly-differentiated OSCC's, respectively. Verhoeff's Van-Gieson showed negative staining for elastic fibers around tumor islands in different grades of OSCCs. PAS stain showed moderate staining for glycoprotein in well-differentiated OSCC and negative in moderately and poorly differentiated cases. Picrosirius red stain showed Type 1 collagen fibers in well and moderately differentiated OSCC cases and Type 3 collagen fibers in poorly differentiated cases. Conclusion: The observations of this study revealed altered staining reactions of the collagenous stroma and glycoproteins suggesting that tumor cells may release certain enzymes that play a role in the manipulation of ECM to enhance their own survival.
The ECM is a complex mixture of structural and functional proteins, glycoproteins, and proteoglycans arranged in a unique, tissue specific three-dimensional ultrastructure. These proteins apart from providing structural support and tensile strength, also facilitate attachment for cell surface receptors, and act as a reservoir of signaling factors that modulate host defense response. [2] Oral cancer is one of the ten most common cancers in the world. Its high frequency in Central and South East Asian countries has been well documented. Approximately, 94% of all oral malignancies are squamous cell carcinoma. Oral squamous cell carcinoma (OSCC) primarily spreads through direct invasion and lymphatic route. During the invasion, tumor cells break through the basement membrane, penetrate the connective tissue and interact with the Extracellular matrix (ECM). [1] The ECM is the noncellular component present within all tissues and In this study, an attempt was made to evaluate if correlation exists between the connective tissue changes in different grades of OSCCs and whether these changes have an influence in predicting the biological behavior of these tumors.
MATERIALS AND METHODS
Formalin-fixed paraffin-embedded tissues were retrieved from the archives of Department of Oral Pathology and Microbiology. Histologically proven cases comprising 5 normal mucosa (Group 1), 10 well differentiated OSCC (Group 2), 10 moderately differentiated OSCC (Group 3), and 5 poorly differentiated OSCC (Group 4) were included in the study. Cases showing distant metastasis, recurrent OSCCs, patients undergoing chemotherapy or radiotherapy and patients with presence of any systemic illness were excluded from the study. Cases of normal mucosa were used as controls. Five sections, each of 5 µ thickness, from paraffin-embedded tissues of Groups 1, 2, 3, and 4 were obtained. Five sections of each group were stained with hematoxylin and eosin and with special stains (Van Gieson, PAS, Verhoff Van Gieson and picrosirius red stain). All the three grades of OSCC were evaluated for staining intensity of each component around tumor islands. A total of five areas in each slide were randomly selected and evaluated. To eliminate subjective bias two observers independently evaluated all the slides. Staining intensity around tumor islands was scored as, strongly positive = 2, moderately positive = 1, weakly positive or negative = 0. Statistical analysis was performed using Chi-square test.
RESULTS
In the current study, staining intensity around tumor islands for collagen fibers in well differentiated OSCC cases showed abundant thick collagen fibers around tumor islands [ Figure 1 ]. Moderately differentiated OSCC cases showed dispersed collagen fibers around tumor islands [ Figure 2 ]. Poorly differentiated OSCC cases showed thin weakly stained few dispersed collagen fibers in the connective tissue stroma [ Figure 3 ]. On application of Chi-square test, significant "P" value (χ 2 = 27.083, P < 0.0001) was noted in staining of collagen fibers with Van-Gieson stain in all the different grades of OSCCs [ Table 1 and Graph 1].
Verhoeff's Van-Gieson showed negative staining (χ 2 = 1.562, P = 0.458) for elastic fibers around tumor islands in all the different grades of OSCCs [ Table 2 and Graph 2]. PAS staining showed moderate staining of glycoproteins around tumor islands in well-differentiated cases [ Figure 4 ] and negative staining around tumor islands in case of moderately and poorly differentiated OSCC [ Figures 5 and 6 ]. On application of Chi-square test, significant "P" value (χ 2 = 11.213, P = 0.004) was noted in staining of glycoproteins in all the different grades of OSCCs [ Table 4 and Graph 4].
Clinical correlation
Well-differentiated OSCC's 10 cases -6 cases no lymph node involvement seen. These histopathologically showed thick abundant, brightly stained collagen fibers around tumor islands. However in 4 cases showed Level I nodes were involved, the histopathological picture showed dispersed brightly stained collagen fibers around tumor islands.
Moderately differentiated OSCC's 10 cases -6 cases Level I nodes involved showed dispersed moderately stained collagen fibers around tumor islands, 4 cases showed Poorly differentiated OSCC's 5 cases -All cases showed Levels I and II nodes involvement and histologically showed thin weakly stained collagen fibers.
DISCUSSION
Oral cancer is the 6 th most common cancer in India and more common among the lower socioeconomic groups. Apart from habits such as tobacco, alcoholism, and betel-quid chewing, the other etiologic factors can be poor oral hygiene, ill-fitting prosthesis and chronic irritation. The histopathological diagnosis helps the surgeon to plan further treatment according to the grade of tumor. Hence, it is of importance to study the changes occurring in tumor microenvironment. [1] The ECM has an important role in tissue organization and function. The ECM acts as scaffold that binds the cells and tissues to one another. The ECM macromolecules are known to alter cellular events such as adhesion, migration, proliferation and differentiation. Tumor cells cause proteolysis of ECM, which modifies the structure of ECM and facilitates tumor cell migration. [3] The role of inflammation in human carcinogenesis is often regarded as a double-edged sword wherein the body's immune system is known to nullify the harmful effects of cancer cell proliferation whereas it may also promote tumor growth. The inflammatory cells are known to release various chemokines that promote angiogenesis and also cause degradation of the ECM scaffold. Data available in the literature provides evidence towards the dual action of the inflammatory cells.
In this study, the connective tissue stroma around the tumor islands showed some observable changes in the host response in different histological grades of OSCCs. Among the fifty fields observed in ten different cases of well-differentiated OSCCs showed brightly stained collagen fibers scaffolding around the tumor islands. On the other hand fifty fields of ten cases of moderately differentiated OSCCs showed moderate staining for collagen fibers, which did not border the tumor islands and were dispersed around them. The poorly differentiated OSCCs showed weak or negative staining for collagen fibers indicating paucity of the collagen fibers.
Studies on the ductal infiltrating carcinoma of the breast indicated that there is an over-deposition of collagen fiber bundles at the invasive front of the tumor. [4] In a disease condition such as cancer, there is a persistent secretion of collagen-destroying enzymes (collagenases, proteinases) by cancer cells causing the destruction of the surrounding collagen. [5] As a result, the surrounding collagen fibers are dissolved or immature, facilitating tumor growth, and metastasis.
In this study, elastic fibers showed negative staining around the tumor islands in all the grades of OSCCs. However they were stained positive within the connective tissue. Elastic fibers are destroyed by secretion of proteinases and elastases secreted by the tumor cells. Elastic fibers are designed to maintain elastic function of the ECM throughout the life in normal conditions. However, various enzymes (matrix metalloproteinases and serine proteases) can cleave elastic fiber molecules causing loss of these fibers in diseased state. [6] In this study, relationship between the collagenous component in the tumor stroma and invading tumor cells showed some observable changes in different grades of OSCC's. In well differentiated and moderately differentiated cases deposits of collagen showed reddish orange birefringence, with picrosiruis red stain around tumor islands. This indicates that there is deposition of thick collagen fiber bundles in these cases. Poorly differentiated cases showed greenish yellow birefringence in picrosirius red stain, indicating weak fibers in these cases.
Thick fibers are Type 1 collagen fibers and exhibit red, orange birefringence and Type 3 are weak fibers exhibiting green birefringence in polarizing microscopy. [7, 8] Sharf et al. from their study on physical aggregation of the collagen fibers revealed a color profile of orange to red, which corresponded to the well-packed fibers and the green to greenish yellow to poorly packed fibers. [9] The origin of these types of collagen around the tumor islands can be from stromal cells, and play a role in walling off the invading tumor cells. [10] This is supported by the studies done on cell lines which were derived from various neoplasms, to synthesize different types of collagen, predominantly the Types 1, 3 and 4 collagen. [11] [12] [13] The difference in the type of collagen at the invasive front may be due to the action of enzymes such as collagenases or the metalloproteinases secreted by tumor cells or proliferation of the tumor cells with the secretion of their abnormal matrix. [14] Stenback et al. reported the presence of delicate meshwork of Type 3 collagen at the invading front of tumor island in skin cancer. [15] Thus, in the present study, notable color changes in collagen around tumor islands were observed which suggests that the tumor cells alter the stroma facilitating tumorogenesis. These results are supported by Brekken et al. who stated that the ECM can influence tumor progression. [16] 
CONCLUSION
The observations of the study revealed altered staining reactions of the collagenous stroma, which may indicate their role in the pathogenesis of tumor invasion. This also leads to the assumption that tumor cells may be capable of manipulating the ECM to enhance their own survival, which could be in the form of production and release of certain enzymes that alter or destroy the surrounding stroma. This paves a way for the need to develop newer therapies directed toward the modification of the stromal behavior thereby improving prognosis.
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